(5) Are there to be windows and blackout blinds in the theatre or should these be omitted altogether? (6) How will the floors be cleaned? By dry suction or wet pick-up? If floor gulleys are required in any case, they should be of the self-flushing type. (7) Where are the clocks, viewing boxes, swab racks, chalk boards and sand-bag shelves to be positioned? (8) What system of emergency call and intercommunication is to be provided? (9) What are the optimum shape and dimensions of the theatre? (10) Is a package system from a central sterile supply department to be exploited? (11) How is sterile water to be distributed and in what quantities?
Apart from these considerations the architect must make provision for emergency supplies of power and lighting; anti-static horizontal surfaces for floors and shelves below 5 ft; -sparkless switches ifthese are required below the same level; automatic doors at the patient's entry and exit points in the theatre suite. He must also consider suitable wall surfaces, acoustics and colour. He must ask questions until he is satisfied that he is fully briefed as to the function and organization of the operating theatre suite and its staff. Mr R S Murley (Royal Northern Hospital, London) I am charged mainly with the task of discussing overall problems of sterility and the achievement of climatic comfort in the theatre suite but I must, first, endorse all that Sir Thomas has said about the need for a relative abundance of theatres. Operating schedules may have to conform to the availability of staff: they should never need to be limited by lack of available theatres. Moreover, a crowded and hurried theatre schedule must tend to promote the spread of infection, especially when there is too little time for cleaning and maintenance.
Septic theatres: It has recently become fashionable to decry the need for a septic theatre which many regard as an anachronism. However, despite the impossibility of designating many planned operations as 'clean' or 'dirty', there are times when patients have to be dealt with who are carrying known dangerous pathogens: for example, cases of gas gangrene or staphylococcal sepsis. In these circumstances it is prudent to have a theatre, at one end of the main suite (possibly with independent ventilation system) orseparately in the communicable diseases block, set aside for this purpose.
Sterilizing room: It would seem sensible to provide a central instrument sterilizing room for any suite containing four or more theatres. In smaller units there may still be a case for separate sterilizing rooms. Although some surgeons disapprove of sterilizing rooms shared between two theatres, it is doubtful whether there is any valid bacteriological objection so long as the sluice arrangements are separate. Properly washed (but as yet unsterilized) instruments must constitute little or no cross-infection risk in a shared sterilized room which is well designed and properly ventilated.
Changing rooms: it has sometimes been said that one surgeon will strip to the skin to remove a sebaceous cyst whereas another merely removes his jacket to take out a rectum. If we are to avoid carrying excessive numbers of staphylococci into the theatres there is a strong case for showers and a complete change. But, while statisticians must break down their material by age and sex, the unfortunate architect has to break his changing accommodation down by rank and sex. This can compel the provision of a large number of changing rooms and their added costs may limit the money available for other parts of the suite. Therefore, we should consider the alternative of carefully designed 'walk-through' changing accommodation for each sex (Fig 1) .
Recovery ward: I am a firm advocate of the recovery ward and believe that every case should pass through it. Despite some theoretical risks in having the recovery ward communicating with the theatre area, experience shows that, with clean and dirty entrances at opposite ends of the ward, it is possible to prevent unauthorized entry to the suite whilst facilitating post-operative supervision by surgeon and anaesthetist. It is vital that recovery accommodation should be provided for peak loads and some of the glib formulh which have been applied (such as one and a half beds per theatre) are quite inadequate. In an average general suite, we have found that accommodation for 12 patients is just sufficient for two theatres and an endoscopy room at peak loads.
Intensive care units can be adjacent to recovery wards but should, normally, be staffed separately.
Pre-operation wards need wider trial and, even if they are not favoured, there is a real need for Ventilation and Air-conditioning The ventilating plant must maintain a supply of near-sterile air and ensure a safe and comfortable -theatre climate. We owe a great debt to the researches of some of our bacteriologist colleagues; however, it is possible that they have had too much to say on the subject of infection, resulting in delayed recognition of the vital need for air-conditioning. In the USA it is illegal to apply the term airconditioning to any system which cannot effect full control of both temperature and humidity over a wide range. But in this country we are liable to instal seriously defective plant which is incapable of providing adequate climatic control. Our own Ministry of Health has ordained that air-conditioning is only necessary for neuro--surgical and cardiac operations. The denial of cooling and dehumidifying facilities in other theatres has led to serious problems. The Ministry's view is thoroughly discredited by work undertaken at the Heating and Ventilating Research Association (Stanley 1962) which has shown that, in a theatre 20 x 20 x 10 ft with 20 air changes per hour, to maintain a temperature of 65°F and a relative humidity of 60%, it is probable that, in the London region, a cooling plant would need to operate for 56 % of the daylight hours between May and August inclusive. Most operation theatres are still denied climatic conditions which are now commonplace in office buildings and even in animal houses.
A common form of theatre ventilation plant passes the outside air successively through fabric ifiters, heating unit, spray chamber and re-heater, before delivery to the suite. Under average ambient conditions the sequence of changes is shown in Fig 2. Control of the plant is mediated through a thermostat and humidistat in the theatre area. Such a plant can only achieve a limited amount ofcooling by its water sprays, and it is incapable of removing any moisture from the air though some reduction in relative humidity will occur when the air is warmed. In hot weather a simple plant such as this tends to deliver air to the theatre at too high a temperature, and frequently at too higb a humidity. Indeed, high humidity is not uncommon at lower temperatures in our climate. Effective cooling and dehumidification can only be effected by a refrigeration unit of adequate capacity.
Method ofair introduction: The actual method of introducing the air into the theatre has considerable influence on the comfort of the occupants.
The piston system (Fig 3) introduces the air through multiple ceiling diffusers. In theory there is steady downward movement at about 4 ft per minute. But, in practice, the piston is seriously disturbed by convection currents which rise from the personnel and other warm objects (such as the lamp) at about 30 ft per minute. These currents produce both turbulence and vortex movements and usually a relatively stagnant zone under the light. Moreover, beneath the lamp the temperature may be 5-10°F and the relative humidity may be 10% above that in the rest of the theatre. Surgeon and assistants can feel rather hot, while the anesthetist beyond the lamp may be relatively cold. Attempts have been made to overcome these rather 'close' conditions by installing cooled ceilings which act as reverse radiators in absorbing heat from the theatre personnel.
The jet system, often referred to as turbulent (Fig 4) , introduces the air through ducts in the wall of the theatre. An air stream (at about 50 ft per minute) is blown either across or along the length of the table. Apart from the possible bacteriological advantages of 'sweeping' the theatre in this way, the air movement does produce perceptible cooling too. Indeed, at air speeds of 100-150 ft/min, persons who are not fully gowned and gloved may feel distinctly cool. The difference between these two systems is nowhere more clearly shown than where adjacent theatres are ventilated by pistons and jet methods from the same plant. In such circumstances it is common for those in the jet theatre to feel cool whilst those in the piston theatre feel hot, even though they are receiving air of the same temperature and humidity.
Although systems of air recirculation are unpopular with bacteriologists, they may obviate the need to process such large volumes of outside air. The scheme for such a plant is shown at the side of Fig 3. However, if pressure is not maintained with a high rate of flow, there is some risk of contaminating the theatre from outside rooms.
Comfort and safety: Unfortunately we still know far too little about comfort and safety factors in the theatre from the point of view of patient and personnel. Further research on this subject is badly needed. A patient who is lightly draped can be appreciably cooled in a jet theatre. In a piston theatre on the other hand, the patient can sometimes suffer from the heat and humidity to an even greater extent than the operating team. Those with experience of working at relatively low temperatures contend that they remain far fresher than when working at conventional rather high temperatures (Aiken 1961). Allowing for the higher temperature and relative humidity under a central theatre light, it would seem likely that few surgeons (other than those dealing with premature infants and neonates) should need to have theatre temperatures above 65°F and relative humidity 60%, providing high rates of jet flow are avoided.
Whether or not the two main existing systems of air introduction will stand the test of further experiment, air might be introduced at a lower level, using the natural convection currents to promote evacuation towards the ceiling. However, such a system would seem to run the risk of stirring up staphylococci shed from the nether regions of the theatre team; careful research will be necessary before pronouncing judgment.
Conclusions: Although we need to know a great deal more about the precise effects of varying temperature and humidity on both the patient and the surgical team, I submit that we already know enough to insist that our theatres are made both safe and comfortable. The Ministry of Health Building Bulletin on Operating Theatres (1957), instead of acting as a springboard and a catalyst, is all too often quoted as more or less 'holy writ'. This is a serious impediment to sound theatre planning and surgeons must insist on a more enlightened approach. HMSO, London Stanley E E (1962) Bull. Int. Inst. Refrig. Suppl. 1962-1, p. 63 Miss M Lovedy Smith SRN (St Thomas' Hospital, London) Twin theatres were opened in 1957 at St Thomas' Hospital. They were built on existing foundations whose shape makes the suite uneconomic in space. These theatres have been a very valuable exercise and testing ground for future planning and rebuilding and a great deal has been learned from the mistakes that were made.
Situation of theatres: The present theatres were built at the top of a reconstructed block of four floors. The disadvantages of this siting have been shown in a variety of ways: (1) Marked cracking of the terrazzo floors, plaster, and around doors appeared almost at once, due to movement at the top of a new building. (2) The water pressure at that height is not sufficient to operate the cooling valves on the water boilers, and an expensive piece of equipment had to have more spent on it to obtain the results required. (3) Interference of services from below often occurred when repairs or alterations on the lower floors required a shutdown of water, steam or electricity. Equally the diathermy machine in the theatre interfered with some types of machinery being used in the block. (4) The lift is shared by all floors and opens directly on to the theatre corridor. Unpleasant smells rise up the shaft from the basement where infected linen and bedding is stoved. The premedicated patient, joining the lift at the 1st floor, is unsuitably accompanied by all sorts and conditions of men, equipment and paraphernalia (not to mention their cigarettes and matured pipes!). There is a key system which puts the lift out of action to everyone except the theatres, but this does not work if the lift is already occupied.
Ventilation: It was intended that the two theatres should have positive pressure ventilation, this being possible only when the air changes per hour are so greatly increased that the theatres are uncomfortably draughty and noisy. The reason for this failure to pressurize is largely due to the situation of the suite; its main passage communicates at both ends with wide staircases, which are funnels for rising air (airlocks'could overcome this situation). Also the lift acts as a piston and a volume of air is forced out every time the door opens. Thus a great deal of air comes from outside the suite; the temperature is difficult to keep stable; the sterilizing room, which communicates with the theatre, faces due west and the evening sun or a north-westerly gale affects the conditions.
In the future, room will be allowed for refrigeration. In order to keep out the elemefnts and maintain an even "atmosphere there will be thick
